Although prior research has examined how early adversity and chronic stress exposure relate to hypothalamic-pituitary-adrenal (HPA) axis responses to acute stress, to date, no studies have examined how stressors occurring over the entire lifespan predict such responses. To address this issue, we recruited 61 healthy young adults and measured their exposure to 55 different types of acute life events and chronic difficulties occurring over the lifespan. In addition, we characterized differences in participants' HPA axis responses to acute stress by measuring their salivary cortisol and DHEA responses to the Trier Social Stress Test for Groups. Greater cumulative stress exposure was associated with a blunted cortisol response, but a heightened DHEA response, to the acute stressor. Moreover, it was participants' exposure to these stressors (i.e., lifetime count), not their perceived severity, which predicted their cortisol and DHEA responses to acute stress. Furthermore, differential effects were observed by stress exposure domain. Notably, only adulthood and marital/partner stressors significantly predicted cortisol responses to acute stress, whereas stress was more uniformly associated with DHEA responses to the acute stressor. These results thus reveal how cumulative stress exposure is associated with HPA axis responsivity to acute stress, while highlighting the fact that different stressors may have substantially different associations with these biological outcomes.
has been proposed as a possible mechanism linking stress and health (Boyce & Ellis, 2005) .
| Cumulative stress exposure: Key conceptual and measurement issues
Major life stressors come in many different forms and often have a significant impact on human health (Epel et al., 2018; . These stressors are relatively uncommon, objectively occurring life events and difficulties that cause substantial cognitive upheaval (Slavich, 2016) , and they thus differ from daily hassles or perceived stress, which refer to stress related to common day-to-day occurrences or subjective perceptions of stress, respectively. Some of the classifications for major life stress are time dependent (i.e., all stressors occurring over a particular timeframe) without reference to the types of stressors experienced. Common time-dependent stress classifications include recent life stress (i.e., stressors experienced over a recent time period, such as the past 2 weeks, month, or year) and early adversity (i.e., stressors experienced before age 18)-although in many studies, early adversity refers to childhood-specific stressors, such as abuse by a caregiver.
Other classifications for major life stressors are type dependent (i.e., stressors of a particular type, regardless of when they occurred).
Common type-dependent stress classifications include acute life events (i.e., time-limited stressors with a clearly defined beginning and endpoint, such as being robbed) and chronic difficulties (i.e., stressors that persist over time without a clearly defined endpoint, such as caring for a spouse with dementia; often referred to as chronic stress). As might already be clear, it is possible for a particular set of stressors studied to contain both type-and time-dependent elements, such as currently ongoing chronic stressors.
Substantial research on stress has been devoted to better understanding the health-related effects of these various types of life stress exposure, and this research has been extremely fruitful. For example, a number of studies have found that the more acute life events one experiences, the more likely one is to develop stress-related health problems (e.g., Turner & Lloyd, 1995) . In addition, particular life events may be more important for the onset of depression than others (Slavich, Thornton, Torres, Monroe, & Gotlib, 2009) . Similarly, greater recent life stress has been associated with worse cognitive function (Shields, Moons, & Slavich, 2017) , and chronic stress predicts accelerated biological aging (Epel et al., 2004 ).
Another classification for major life stress that has existed in theory for some time (e.g., McEwen, 1998) , but which has received very little empirical attention (e.g., , is cumulative stress exposure, defined as the total sum of all acute life events and chronic difficulties that a person has experienced over his or her entire lifespan.
This concept draws from acute life events research, which has long found that a greater number of stressful life events experienced over the entire lifespan predicts negative health outcomes (e.g., Turner & Lloyd, 1995) . However, this research is often restricted in terms of the number of acute life events assessed, and it ignores chronic difficulties.
As a result, although the concept of cumulative stress exposure plays a central role in many theories of stress and health, such as allostatic load (McEwen, 1998; McEwen & Gianaros, 2011) , as discussed elsewhere (Slavich & Shields, 2018) , very few studies have actually assessed cumulative life stress exposure, due largely to the fact that no instrument has existed for systematically assessing all of the acute life events and chronic difficulties that a person has experienced over his or her life.
The recent development of a validated and reliable measure of cumulative life stress exposure, called the Stress and Adversity Inventory for Adults (i.e., Adult STRAIN; Slavich & Shields, 2018) , has addressed this issue by providing researchers with an instrument for efficiently assessing all of the acute life events and chronic difficulties that a person has experienced over the lifespan. The STRAIN is a strong predictor of numerous stress-related health outcomes, including poor mental and physical health, cancer-related fatigue, doctor-diagnosed stress-related health problems (e.g., hypertension) and autoimmune disorders, and worse memory and executive function (Bower, Crosswell, & Slavich, 2014; Goldfarb, Shields, Daw, Slavich, & Phelps, 2017; Shields, Moons, et al., 2017; Slavich & Shields, 2018) . To date, however, only one study has examined associations between the STRAIN and any biological endpoint (e.g., diurnal cortisol levels; Cuneo et al., 2017) , and no studies have examined the important question of how the STRAIN relates to biological responses stress that are thought to shape human health and wellbeing.
| Stress and the HPA axis response
Several systems, including the sympathetic-adrenal-medullary axis and immune system, play important roles in the human stress response, but none have been as extensively studied as the HPA axis.
Moreover, the HPA axis's strong contribution to stress-related health problems makes it an important system to understand (Silverman & Sternberg, 2012) . When stressed, the body initiates a cascade of neuroendocrine events that ultimately results in the adrenal glands upregulating the synthesis and release of the catabolic hormone, cortisol, and its indirectly anabolic counterpart, dehydroepiandrosterone (DHEA). These hormones work together to regulate processes such as glucose metabolism and innate immune system activity to prepare the body to handle the energetic and injury-related demands of stressors (Buford & Willoughby, 2008; Kalimi, Shafagoj, Loria, Padgett, & Regelson, 1994; Silverman & Sternberg, 2012) .
Cortisol and DHEA also regulate each other, with DHEA helping to buffer the detrimental effects of cortisol (Kalimi et al., 1994; Maninger, Wolkowitz, Reus, Epel, & Mellon, 2009 ). Importantly, HPA axis dysregulation in the form of abnormal cortisol and/or DHEA responses to stress has been implicated in numerous physical and mental health problems (Buske-Kirschbaum, Ebrecht, & Hellhammer, 2010; Kamin & Kertes, 2017; Maninger et al., 2009) . For example, blunted HPA axis responses to stress may fail to adequately suppress immune system responses to stress, eventually contributing to a sustained state of inflammation that increases a person's susceptibility to inflammation-related diseases (Silverman & Sternberg, 2012) .
Consequently, aberrant cortisol and/or DHEA responses to acute stress may represent one key mechanism through which cumulative lifetime stress exposure influences health.
The bulk of prior research examining associations between HPA axis function and health has focused on cortisol (e.g., Silverman & Sternberg, 2012) . However, HPA axis functioning is complex, and numerous interactive effects of the HPA axis-governed hormones cortisol and DHEA are relevant for health. For example, although cortisol is primarily anti-inflammatory , DHEA exerts both anti-glucocorticoid (Kalimi et al., 1994) and anti-inflammatory effects (Maninger et al., 2009) , culminating in complex effects on immune system activity (Prall, Larson, & Muehlenbein, 2017) .
Importantly, relatively lower basal levels of DHEA to cortisol are implicated in some psychiatric disorders (for reviews, see Maninger et al., 2009; Walker, Pfingst, Carnevali, Sgoifo, & Nalivaiko, 2017) . Additionally, DHEA responses to acute stress are associated with better cognitive function following stress (Shields, Lam, Trainor, & Yonelinas, 2016) and are blunted in depressed individuals (Jiang et al., 2017) .
Because of these and other reasons, DHEA has been proposed as a mechanism underpinning biological resilience to stress (Charney, 2004; Feder, Nestler, & Charney, 2009; Maninger et al., 2009; Pfau & Russo, 2015; Walker et al., 2017) . As such, examining associations between life stress exposure and DHEA responses to acute stress may not only help provide a more complete picture of how life stress exposure shapes HPA axis function, it may also help elucidate an additional mechanism through which life stress impacts health ).
| Life stress and its effects on the HPA axis
Given the importance of proper HPA axis function for human health, it might be expected that many studies have examined how life stress exposure is associated with differences in HPA axis responsivity to an acute stressor. However, although many studies have examined how early adversity (i.e., stressors experienced before age 18) and chronic stress (stressful circumstances that persist over time) are associated with differences in HPA axis responses to acute stress, to our knowledge, no studies have examined associations between cumulative life stress exposure and HPA axis responses to acute stress.
As described above, early adversity differs from cumulative stress exposure in several important ways-for example, early adversity does not include adulthood stressors, and in practice, the assessment of early adversity is often restricted to childhood-specific stressors such as abuse by a caregiver. Nevertheless, prior studies on early adversity and HPA axis responses provide useful background information for the present investigation, and indeed, many studies have been conducted on this topic. As summarized in a recent meta-analysis of 30 studies and more than 4,200 individuals, early adversity is associated with blunted cortisol responses to acute stress (Bunea, Szentágotai-Tătar, & Miu, 2017) . We are not aware of any studies that have examined how early adversity relates to DHEA responses to acute stress. Therefore, if cumulative stress exposure has similar effects on the HPA axis as does early adversity, we would expect greater cumulative stress exposure to be associated with blunted cortisol responses to acute stress.
Similarly, for reasons outlined in a prior section, the constructs of cumulative stress exposure and chronic stress exposure differ in important ways-for example, chronic stress does not include acute life events, and in practice, the assessment of chronic stress is often restricted to a relatively narrow time period, such as ongoing chronic stressors or those occurring during the past year (cf. Hammen et al., 1987) . Nevertheless, prior studies of chronic stress exposure may provide useful information for developing hypotheses regarding the effects of cumulative stress exposure on HPA axis responses. In this context, studies have shown that greater chronic stress is associated with blunted acute stress-induced increases in both cortisol and DHEA-S, which is a metabolite of DHEA (e.g., Lennartsson, Sjörs, & Jonsdottir, 2015; Siegrist, Klein, & Voigt, 1997; Tomiyama, Dallman, & Epel, 2011) . To date, no study has examined associations between chronic stress exposure and DHEA (i.e., as opposed to DHEA-S) responses to acute stress. Nonetheless, if cumulative life stress exposure and chronic stress exposure are related to HPA axis responses in a similar fashion, then we would expect greater cumulative life stress exposure to be associated with blunted cortisol and DHEA responses to acute stress.
| Present study
To address the lack of studies examining associations between cumulative lifetime stress exposure and HPA axis responses to acute stress, we recruited healthy young adults and assessed their cumulative exposure to a variety of stressors that they could have experienced over the entire lifespan. These stressors included both acute life events and chronic difficulties known to affect health (Slavich & Shields, 2018) .
In addition, we characterized each participant's salivary cortisol and DHEA responses to an acute laboratory stressor. We chose to study DHEA-rather than its sulfated ester, DHEA-S-for two reasons. First, prior work has shown differential effects of stress-related psychiatric disorders on DHEA and cortisol (e.g., Yehuda, Brand, Golier, & Yang, 2006) . Second, unlike DHEA-S, DHEA is not flow-rate dependent (Vining & McGinley, 1987) , which is advantageous in this context because stress increases salivary flow rate (Rohleder, Wolf, Maldonado, & Kirschbaum, 2006) . Examining DHEA rather than DHEA-S thus reduces one possible source of error variance-namely, measurement error due to imprecision in timing of salivary flow rate.
We examined associations between cumulative lifetime stress exposure and both cortisol and DHEA, including whether the associations observed were similar across different types of stress exposure, as would be predicted by classic theories of stress, or whether these associations differed by the specific types of stressors experienced.
Based on the research summarized above examining the effects of early adversity and chronic stress on cortisol and DHEA-S responses to acute stress, we hypothesized that greater cumulative stress exposure would be associated with blunted cortisol and DHEA responses to the acute laboratory stressor. Moreover, consistent with a stressor characteristics perspective on stress and health, we hypothesized that associations between cumulative stress exposure and these hormones would differ across the different types of lifetime stress exposure that participants experienced.
Participants were 61 healthy young adults (36 females) with a mean age of 20.62 (range = 18-54, SD = 5.14), who were recruited from a university community. This was a diverse sample, with 50.0% of participants self-identifying as Asian, 20.4% as White, 13.0% as Hispanic or Latino, 9.3% other or declined to state, 5.6% as African American or Black, and 1.9% as American Indian or Alaska Native.
Individuals were excluded if they had any illness or injury over the past week; a history of diabetes, stroke, or any neurological problems; a current or past diagnosis of post-traumatic stress disorder (PTSD) or were hospitalized for a psychiatric disorder over the past year; had major sleep disturbances over the past 6 weeks; or consumed more than eight caffeinated beverages a day. Individuals were also excluded if they were pregnant, nursing, or had taken any medications, illegal drugs, or mood-altering medications over the past 2 months or if they had taken oral or injected corticosteroids over the past 3 months.
Participants were instructed not to eat, drink anything besides water, use tobacco, brush their teeth or floss, or engage in any exercise for 2 hours prior to the study. Compliance with these instructions was assessed, and informed consent was obtained prior to participation.
All procedures were preapproved by the Institutional Review Board.
| Cumulative life stress assessment
We assessed participants' cumulative life stress exposure using the Adult STRAIN v1.6 (Slavich & Shields, 2018) . The STRAIN is an online stress assessment system that measures individuals' cumulative exposure to 55 different acute and chronic stressors that are known to affect health (see http://www.strainsetup.com). The STRAIN employs a sophisticated interviewing methodology that includes extensive branching logic. If a person indicates that he or she has experienced a particular stressor, the branching logic then generates numerous follow-up questions to assess the frequency, timing, duration, and perceived severity of the reported stressor. As such, the STRAIN provides important information on stressor exposure, the stressfulness of each exposure, and when each exposure occurred.
The two main stress variables used in analyses were participants' cumulative life stressor count, calculated as the sum of the stressor frequencies, and cumulative life stressor severity, calculated as the sum of the perceived severities of all reported stressors. Stressor count, which we often refer to as stress exposure within the manuscript, can range from 0 to 159, and stressor severity can range from 0 to 275. In addition to producing indices of overall lifetime stress exposure, the Adult STRAIN can calculate 20 subscale scores that index a person's exposure to stressors occurring across two time periods, two stressor types, 11 life domains, and possessing five social-psychological characteristics, as well as 20 subscale scores that index a person's stressor severity in each of those same categories.
The validity of this question set has been previously demonstrated in the context of predicting many different health outcomes, including mental and physical health complaints, sleep difficulties, cognitive impairment, and doctor-diagnosed general health problems and autoimmune disorders (Slavich & Shields, 2018) .
| Laboratory-based stress manipulation
An experience of acute stress was induced with a standard, commonly used laboratory-based stress task, called the Trier Social Stress Test for Groups (TSST-G), which is an extensively validated acute stress induction paradigm (von Dawans, Kirschbaum, & Heinrichs, 2011) .
Instructions appeared on a computer screen informing each participant that the next task would involve giving a 3-min speech describing why the participant was the ideal candidate for a job of that person's choice. Participants were also told that the speech would take place in front of a panel of evaluators trained in the evaluation of nonverbal behaviour. To make the task more self-relevant (von Dawans et al., 2011) , the instructions also told each participant to use his or her actual qualifications in the speech, and that he or she must speak for the full 3 min. The instructions further said that a camera would record the speech, and that a panel of three professors from the psychology, sociology, and communication departments would subsequently conduct a video analysis of their performance to identify nonverbal behaviours that distinguish qualified job applicant from unqualified ones. The instructions then told each participant to use a piece of paper to prepare his or her speech for the next 10 min. The last sentence of the instructions said that there would be "another task" following the speech. These instructions remained on the screen during the rest of this stressor anticipation phase.
After 10 min had elapsed, the experimenters opened each partic- After all of the participants finished their speeches, the evaluators again went to each of the cubicles one by one, in an apparently random fashion. Once at a participant's cubicle, they instructed each participant to count backwards out loud, from a four-digit number by 16 s, as quickly and accurately as possible for 120 s. Each participant in each experimental session was given a different four-digit number, although the different four-digit numbers were kept constant across all study sessions. Thirty seconds and 70 s after each participant began counting, one of the evaluators instructed him or her to count faster using scripted statements. If the participant verbally paused, counted too slowly, or made an error, the evaluator instructed the participant to restart. After all participants finished the math task, the evaluators left the room, the experimenters returned the participants' chairs, the participants returned to their computers, and the experimenters closed the participants' cubicle doors.
| Negative affect
Prior to learning of the laboratory stressor and immediately following the stressor, participants used an unmarked scale, ranging from 1 (Not at All) to 7 (Very Much), to indicate how much they currently felt numerous negative affective states (i.e., afraid, scared, nervous, negative, distressed, angry, ashamed, disinterested, frustrated, sad, and down). The scores were then averaged to create a negative affect composite. Negative affect was assessed at baseline (α = 0.87) and immediately after the stress manipulation (α = 0.93).
| Cortisol and DHEA
Participants provided saliva samples using a passive drool method according to the sampling schedule described below. The saliva vials were immediately placed in a freezer kept at −20°C until they were assayed in duplicate for cortisol and DHEA using high-sensitivity cortisol and DHEA ELISA kits (Salimetrics LLC, State College, PA), according to the manufacturer instructions. For cortisol, the interassay coefficient of variance (CV) was 7.45%, the average intra-assay CV was 2.68%, and sensitivity was 0.007 μg/dl; for DHEA, the interassay CV was 2.67%, the average intra-assay CV was 2.59%, and sensitivity was 5 pg/ml. Cortisol values are in the units of μg/dl, and DHEA values are in the units of pg/ml. Although DHEA-S is flow-rate dependent, neither cortisol nor DHEA are flow-rate dependent, so we did not adjust for flow rate. 
| Procedure
Participants came to the laboratory at either 12:00 p.m. or 3:00 p.m. 
| Data reduction and analysis
Preliminary analyses were conducted using paired t tests and primary analyses were conducted using linear mixed models, nesting participants within sessions in order to account for shared variance due to groups-rather than participants-being randomly assigned to experimental conditions. The natural logarithm transformation was applied when variables evidenced significant skew (i.e., baseline and poststressor cortisol and DHEA). One participant was excluded from the cortisol analyses due to excessively high baseline cortisol (|Value| > 3 SDs × Mean after log transformation). In graphs and analyses, we describe the responses of these hormones, indexed 1 Time of day the study began was unrelated to cortisol or DHEA responses to acute stress (ps > 0.448), and controlling for it did not affect the results. Similarly, hours since waking was unrelated to cortisol or DHEA responses to acute stress (ps > 0.466), and controlling for it did not affect the results.
| RESULTS
The key demographic and clinical characteristics of the sample are presented in Table 1 .
| Preliminary analyses
As a manipulation check, we first examined whether negative affect, cortisol, and DHEA increased from baseline to poststressor.
Confirming the success of the laboratory stressor, and as described in Table 2 , participants increased in negative affect from baseline to poststressor, t(60) = 3.44, p = 0.001. Similarly, we found that cortisol levels increased from baseline to poststressor, t(57) = 5.59, p < 0.001, and that DHEA levels increased from baseline to poststressor, t(58) = 4.03, p < 0.001. Thus, the stress manipulation successfully produced an emotional and physiological stress response.
| Primary analyses
Next, we tested our primary hypotheses concerning associations of cumulative life stress exposure with cortisol and DHEA responses to acute stress. The results are presented below; all models are provided in the Supporting Information.
| Cortisol and DHEA responses
As hypothesized, greater cumulative stress exposure over the life course was related to a blunted cortisol response to the acute laboratory-based stressor, β = −0.25, p = 0.033 (Figure 1a) . Surprisingly, though, greater cumulative stress exposure was associated with a heightened DHEA response to the acute laboratory stressor, 
| Secondary analyses
To further explicate these findings, we conducted three sets of secondary analyses-namely, sensitivity analyses, analyses of lifetime stressor exposure (i.e., count) versus severity, and analyses examining associations with HPA axis responses by stressor type.
| Sensitivity analyses
We examined whether socio-economic status, race, or depressive 
| Cumulative stress exposure by stressor type
Finally, given that the Adult STRAIN provides several ways to decompose cumulative life stress exposure, we next examined associations between several different stressor types and social-psychological characteristics, and the biological outcomes assessed. Although we expected differences across different types of stress, we did not develop a priori hypotheses regarding these differences given the distinct lack of existing data on this topic. As expected, though, associations between cumulative stress exposure and participants' cortisol responses to the laboratory-based social stressor were not uniform across the different stressor types. Associations between cumulative stress exposure and cortisol responses to the acute stressor were significant only for adulthood stress exposure (β = −0.25, p = 0.029) and marital/partner stress exposure (β = −0.27, p = 0.022), though all types of stress tended to show similar associations (see Figure 2a ). In contrast, associations between cumulative lifetime stress exposure and participants' DHEA responses varied more greatly across the different stressor types. Unlike cortisol, however, most of the cumulative stress exposure categories were significantly related to DHEA responses (see Figure 2b ).
| DISCUSSION
Despite substantial interest in how life stress affects health, very few studies have assessed lifetime stress exposure. As a result, little is known about how stress exposure occurring over the entire lifespan is associated with cortisol and DHEA responses to acute stress, which may in turn have implications for disease risk and development. We addressed this important issue in the present study by showing that greater cumulative lifetime stress exposure was associated with a blunted cortisol response, but a heightened DHEA response, to an acute laboratory-based social stressor. Moreover, these associations were independent of participants' socio-economic status, race/ethnicity, and depressive symptoms. Decomposing these associations revealed that it was participants' exposure to these stressors, not the perceived severity of such exposures, that was more strongly associated with individuals' stress-induced cortisol and DHEA responses.
Although prior research has shown that the Adult STRAIN is a strong predictor of numerous health-related outcomes (e.g., Slavich & Shields, 2018) , the biological mechanisms underlying these associations have been unclear. The results of the present study begin to address this issue by suggesting that the STRAIN may be associated with these outcomes at least in part through stress-related changes in hormonal activity. Exactly how these stress-related biological effects might lead to poor health remains unknown. Therefore, examining whether alterations in cortisol or DHEA responses to acute stress mediate the effects of lifetime stress exposure on health represents an important avenue for future research.
Our results are consistent with prior work examining associations between chronic stress and cortisol responses, which has found that chronic stress is associated with cortisol responses to acute stress, although the directionality is not always clear (see Miller, Chen, & Zhou, 2007) . We found that cumulative stress exposure predicted blunted cortisol responses to acute stress, similar to some findings in FIGURE 1 Greater cumulative life stress exposure was significantly associated with participants' cortisol and DHEA responses to acute stress. More specifically, greater cumulative stress exposure predicted blunted cortisol but heightened DHEA responses to the acute laboratory-based stress task. Depicted values are standardized to better illustrate the magnitudes of associations the chronic stress literature (e.g., Tomiyama et al., 2011) . In contrast, no studies have examined how repeated or chronic stress is associated with DHEA responses to acute stress, though some work has examined effects of repeated or chronic stress on stress-induced DHEA-S responses (e.g., Lennartsson et al., 2015; Maninger, Capitanio, Mason, Ruys, & Mendoza, 2010) . Our findings extend this work, showing that greater cumulative stress exposure predicts blunted cortisol but heightened DHEA responses to acute stress.
The finding that cumulative stress exposure was associated with decreased cortisol but increased DHEA responses to stress could be seen as peculiar, given that both hormones are secreted as products or outputs of the HPA axis. However, it is important to note that these hormones are heavily involved in the regulation of each other (Kalimi et al., 1994) . Importantly, glucocorticoid administration suppresses DHEA (Kalimi et al., 1994) , whereas DHEA administration suppresses cortisol (Wolf et al., 1997) . As such, although both DHEA and cortisol
FIGURE 2
Associations between different types of cumulative lifetime stress exposure and participants' (a) cortisol responses and (b) DHEA responses to acute stress. Error bars represent 95% confidence intervals; as such, if a bar does not cross zero, it indicates that the coefficient is significant. Associations between cumulative stress exposure and individuals' cortisol responses were similar across different types of lifetime stress exposure assessed, with the strongest effects being evident for adulthood and marital/partner stressors. In contrast, the effects of cumulative life stress exposure on DHEA responses differed more greatly across the different stressor categories; unlike cortisol, however, most of the stress exposure categories were significantly related to DHEA responses production increase in response to adrenocorticotropic hormone (ACTH), to the extent that DHEA increases in response to stress, cortisol is likely to show a relatively lesser increase over time than it would in response to the same initial ACTH stimulation if the DHEA response was lower. This fine-tuned interplay of DHEA and cortisol may be important for understanding disorders with HPA axis abnormalities, as persons with depression, schizophrenia, and PTSD all show abnormalities in the ratio of cortisol to DHEA (Ritsner et al., 2004; Yehuda et al., 2006; Young, Gallagher, & Porter, 2002) . Our results
show that cumulative stress exposure may be one factor potentially contributing to alterations in this ratio, though future research is needed to evaluate the relevance of these associations for health.
Consistent with a stressor characteristics perspective (e.g., Slavich et al., 2009; Slavich, O'Donovan, Epel, & Kemeny, 2010) , we found that the effects of cumulative stress exposure were not uniform across different stressor types; instead, stressors were differentially associated with participants' HPA axis responses. Lifetime stress exposure and cortisol associations were relatively consistent and strongest for stressors occurring in adulthood and involving romantic relationships, which is in accord with prior work suggesting that recent social stressors (e.g., rejection by a romantic partner) are particularly strongly related to health outcomes, such as the development of depression (Slavich et al., 2009; Slavich & Irwin, 2014) . It is possible, therefore, that stress-related blunting of cortisol responsivity is one mechanisms underlying these effects (see Carroll, Ginty, Whittaker, Lovallo, & de Rooij, 2017 ). An interesting lack of association, however, was observed between early adversity-which a recent meta-analysis showed is, on average, associated with moderately blunted cortisol reactivity (Bunea et al., 2017) -and cortisol responses to acute stress.
One reason for this difference may be that early adversity is often conceptualized as childhood-specific stressors, such as childhood maltreatment (e.g., Carpenter et al., 2007) , or all stressors occurring prior to age 13 or 15, whereas the STRAIN considers early adversity as all stressors experienced prior to 18 years of age. Alternatively, it is possible that early adversity may interact with recent stressors to modulate HPA axis function (e.g., Starr et al., 2017) .
Associations between the different stressor types and participants' biological responses were more variable for DHEA than for cortisol (see Figure 2) , although when compared directly, more of the stress-DHEA associations were statistically significant. Notably, one of the few stressor types not associated with DHEA responses was work-related stress, whereas prior research has found that perceived stress at work (Lennartsson, Theorell, Kushnir, Bergquist, & Jonsdottir, 2013 ) and occupational burnout (Lennartsson et al., 2015) are associated with blunted DHEA-S responses to acute stress. These differences may be explained by differences between stress type (i.e., the STRAIN assesses objective exposure, whereas perceived stress and burnout are subjective), analyte (DHEA vs. DHEA-S), or sample differences (e.g., young adults who may have lacked much work experience). Nevertheless, the reasons behind these variable associations with DHEA across stressor types are unknown; these data suggest that taking a more fine-grained approach to life stress assessment may be warranted when examining the effects of stress on DHEA.
At the same time, it should be noted that the effects of lifetime stress exposure domains and characteristics are complex and could potentially be moderated by several factors, including timing of stress exposure, total number of stressors experienced, and the temporal ordering of stressors experienced. Therefore, we do not view these stressor characteristics analyses as definitive. Rather, we suggest that these results provide rationale to study different stressor domains and characteristics on a more fine-grained level.
More broadly, these findings provide new information relating to "allostatic load" models of stress and health (e.g., McEwen, 1998) , in which cumulative lifetime stress exposure is thought to alter the regulatory dynamics of biological systems that affect health. For example, McEwen (1998) proposed that one form of allostatic load involves an inadequate stress response. Consistent with the idea from allostatic load that the body achieves stability through change, and consistent with the coregulatory roles of DHEA and cortisol, we found that greater cumulative stress exposure predicted blunted cortisol but heightened DHEA responses to acute stress.
Although the present data do not address the role this biological response pattern may play in human health, prior research indicates that this pattern may be important for disease risk. In particular, the response pattern we observed (i.e., higher DHEA and lower cortisol)
is consistent with baseline differences in the cortisol-to-DHEA ratio between individuals with PTSD and healthy controls, as individuals with PTSD show heightened DHEA and lowered cortisol levels (Yehuda et al., 2006) . However, there may be important health differences between biological responses to stress and basal levels (Tomiyama et al., 2012) . Although the effects of cortisol responses to acute stress on health are becoming clearer (e.g., Aguilera, 2011; Tomiyama et al., 2012) , to date, no study has examined the role that DHEA responses to acute stress play in general mental or physical health. Nonetheless, some studies have found that DHEA administration protects against detrimental health effects of stress exposure (e.g., Hu, Cardounel, Gursoy, Anderson, & Kalimi, 2000) . However, it is difficult to integrate the seemingly protective role of DHEA with the finding that DHEA is increased both in general and relative to cortisol in PTSD and depression (Gill, Vythilingam, & Page, 2008; Yehuda et al., 2006) ; therefore, the health relevance of a stronger DHEA but weaker cortisol response to acute stress is unknown. In sum, future research is needed to examine the role these dynamics play in shaping health.
Several limitations of this study should be noted. First, although we controlled for several person factors and potential health-related confounds, the sample consisted of relatively young, healthy adults, thus limiting the generalizability of these results to other populations.
Second, we employed a well validated system for assessing lifetime stress exposure, but future studies could use stress assessment methods that yield independent judgments of stressor count and severity in order to limit the possible influence of reporting biases on the associations observed. Third, our data suggest that different stressors are differentially associated with individuals' biological responses to acute stress, but additional research is needed to replicate these effects and to explain why some stressors are associated with stronger HPA-axis responses than others. Fourth, although we adjusted for a group stress manipulation using linear mixed models that nested participants within sessions, we did not match each group on gender, and it is possible that there may be some interactive effects between the sex composition of the groups and stress that were unaccounted for by our models. At the same time, it should be noted that the gender composition of the groups did not systematically covary with cumulative stress exposure, r = 0.07, and controlling for the gender composition of groups did not affect our results (data not shown); therefore, this limitation is not responsible for our most important findings. Fifth, we measured cortisol and DHEA at only two time points, which differs from much prior work and precluded us from examining stress reactivity in its entirety. This lack of complete information on total HPA axis output in response to the stressor may in fact be responsible for some of the anomalous findings observed, such as the absence of an association with early adversity.
Sixth, we did not assess cortisol recovery, which has been associated with chronic stress in prior research (e.g., Matthews, Gump, & Owens, 2001 ) and may thus show different associations with cumulative
stress exposure than what we observed. Finally, although the life stress interview used in this study assesses past stressor exposure, this study was cross-sectional; consequently, it was not possible to ensure that the stressors experienced preceded the alterations in cortisol and DHEA that were observed. Future research could address this limitation by assessing cumulative stress exposure and HPA axis responses to acute stress longitudinally.
Notwithstanding these limitations, this study is one of the first to assess individuals' cumulative life stress exposure, and it is the first to examine associations between these stress exposure profiles and individuals' cortisol and DHEA responses to an acute laboratory stressor. We found that greater cumulative stress exposure was associated with blunted cortisol-but heightened DHEA-responses to acute stress and that these associations were robust to statistical adjustment for possible confounds. These associations were not due to factors such as socio-economic status or depression. Moreover, these associations were primarily driven by the stressor exposure itself and not by the perceived severity of those exposures. Finally, the present data show that these associations differ by stressor type and timing of exposure. Future research should examine possible mechanisms underlying these associations, replicate these associations in other populations, and examine the relevance of these associations for human health and disease.
